This paper presents the improved techniques on the preservation of skeleton for the teaching of veterinary anatomy. In this project skeletons of horse, cow, dog and goat were preserved. These animals were obtained from the University post mortem lab. The animals were skinned and after necropsy the useful organs like kidneys, liver. Heart, lungs and reproductive tracts were removed and stored in 10 % formalin for future teaching purposes. The muscles and tendons were excised and the bones were boiled at for different time periods. For degreasing the bones were kept in ammonia solution for maximum of one week followed by bleaching with hydrogen peroxide solution and cleaning with commercial detergent. The bones were arranged and connected with 15 guage wire for horse and ox and 20 gauge for small animals. The vertebral column was aligned in a steel rod. Finally the skeleton was fixed on a wooden stand after giving support to the limbs. Thus the skeletons preserved were used for demonstration of osteology, arthrology and clinical anatomy.
Introduction
In Pakistan, veterinary education is being imparted at 8 Colleges/Universities. Gross anatomy is one of the most important basic subjects being covered in first two semesters of Doctor of Veterinary Medicine (DVM). Currently, the course outline allows the use of goat/sheep/dog as a model animal in the first semester. In the second semester, a comparative study is offered using horses, cattle, dogs and poultry as specimens. All the students are provided hands on experience through dissection. (1) . Most classroom situations employ the cognitive learning process (2) . At the lowest levels of this process, students are required to remember and process information presented, whereas at the higher levels students synthesize, evaluate, and draw conclusions from the given information. Visual aids such as a skeleton give students a "hands-on" method for learning bone names and locations, as well as a visual tool to relate bone and joint structure to muscle structure. (3) .The literature regarding animal preservation techniques is inadequate and a very limited amount of data is available to the veterinary institutions through online searches. Skeletal preservation at Department of Anatomy and Histology is usually carried out by boiling the bones without performing the steps of degreasing and bleaching. The purpose of this project is to present improved protocols for the preservation of skeletons of dead animals. This will be helpful to improve teaching veterinary anatomy in different institutions of Pakistan.
Materials and Methods

Equipment/chemicals used
The different equipments/chemicals (Table 1 ) used in the technique included drill machine, drill bits, iron rods, copper wire, saw blade, steel nails, wooden base (moveable), steel barrels sodium hydroxide (NaOH), ammonia (NH 3 ), hydrogen peroxide (H 2 O 2 ). The cadavers of horse, ox, dog and goat were obtained from post mortem in the Department of Pathology, University of Veterinary and Animal Sciences Lahore. The animals were skinned and dissected at post mortem lab for necropsy. After necropsy useful organs like kidneys, liver. heart, lungs and reproductive tracts were removed and stored in 10 % formalin for future teaching purposes. The limbs were removed and muscles, ligaments and tendons were stripped off with only small fragments left on the bones. The appendicular and axial portions of the skeletons were cleaned separately. The bones of large animals (horse, ox) and small animals (dog, goat) were boiled in steel barrel containing water to which NaOH was added for maximum of 8 hours and 4 hours respectively ( Table 2) . The bones form which the muscle fragments were removed was placed in ammonia solution (100 ml of ammonia/gallon of water) for a week to enhance degreasing. Bleaching and cleaning were performed by dipping the bones in 4% hydrogen peroxide solution for a period of 24-48 hours incase of large animals and 24 hours incase of small animals. Finally the bones were washed with a commercial detergent and air dried.
Results
The limbs were reassembled by laying bones in their correct conformation. Holes were drilled at the extremities of long bones for assembly using 15 guage copper wire for large animal skeleton whereas 20 guage wire was used for the assembly of bones of small animals. The union was secured by twisting the wires in circular motion. The same procedure was adopted for union of all the bones. The vertebrae were reassembled according to their natural order on a 6 feet long iron rod of diameter. Ribs were attached with the vertebrae by drilling holes in the head of ribs and transverse processes of successive vertebrae. The sternal ends of the ribs were attached with the sternum with the help of tightly secured wire. The mandible was attached to the temporal bone of skull. The skull was than mounted on the iron rod through foramen magnum. The sesamoid bones like patella and proximal and distal sesamoid bones were secured on their appropriate anatomical locations with the help of copper wire of 20 guage. In the last the 3 rd phalanx of horse, ox and goat was secured to the wooden base with the help of 1.5 inches long steel nails with the help of screw driver. The phalanges and sesamoids of dog were assembled and fixed with one another with the help of commercial sticking glue. The forelimb was attached to the ribs at scapular region. The head of femur was attached to the acetabulum of oscoxae with the help of copper wire. The limbs were given support by using 3 iron rods. 
Discussion
The project was carried out to improve the skeletal preservation techniques at Department of Anatomy and Histology, University of Veterinary and Animal Sciences Lahore for teaching purposes. The previous preservation technique performed in the department was boiling of the bones followed by drying them in the air and assembling the bones in the shape of skeleton. The steps of degreasing and bleaching were not carried out. The purpose of performing these steps is complete defattening of bones. If not performed this would result in seepage of bone marrow from the bones in later stages with foul smell which is usually uncomfortable to the students and laboratory personnel. In this project dead animals were obtained from post mortem lab. Department of Pathology University of Veterinary and Animal Sciences Lahore. Time required for boiling was different for large and small animals. Large animals bone required more time (maximum 8 hours) as compared to small animal bones (maximum 4 hours). Greene et al. (1993) in his project boiled the bones of horse for 48-72 hours which is too much time consumed for boiling process. This might be due to low intensity of heat applied through gas burner. Similarly bones like vertebrae, skull and long bones also required more boiling time (2 hrs) more than flat bones. Ammonia solution was used for degreasing because it is cheap and easily available. However, to avoid irritation from fumes the container should be kept closed with a lid. Gasoline can also be used as a degreasing agent Greene et al. (1993) . It is readily available but disadvantage of using this agent is its high cost and highly inflammable nature (3) . Benzene or trichlorethylene is excellent degreasing agent for bones (4) but it is expensive and special care must be taken to ensure that adequate safety measures are available. Bleaching was done using commercially available 4 % hydrogen peroxide solution. Care must be taken in form of concentration and timing. Increase in timing and concentration of the solution results in fragile bones which deteriorate with the passage of time. The bones were air dried after washing the bones with commercial detergent. In the last the bones were reassembled according to their proper anatomical positions and mounted on the wooden base as discussed above.
The results of this project would help in transfer of improved technique for preservation of skeletons for gross anatomical studies to the other veterinary institutions of Pakistan so they can preserve the skeletons independently.
